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Abstract 
This paper presents an assessment of the onshore wind energy potential in Thailand using the Regional Atmospheric 
Modeling System (RAMS). A 9 km resolution, 1,150 km by 1,750 km, wind resource map at 120 m elevation above 
ground level (agl) is produced based on the NCEP reanalysis database for the three year period of 2009-2011. The 
onshore wind resource map is validated by comparing the modeling results to observed wind data at 100 m agl from 
the Pollution Control Department (PCD) of Thailand, and at 120 m agl from the National Research Council of 
Thailand (NRCT). The Mean Square Error (MSE) is computed and is use as the main criterion to evaluate the 
simulation results. Results showed that, for the study area, the annual mean wind speeds at 120 m agl are in the range 
of 1.60-5.83 m/s. For its part, the maximum annual mean power density at 120 m agl is approximately 200 W/m2 
which corresponds to a wind power density of Class 2. Results show that the region has a good wind regime in the 
mountain areas of western, southern and eastern Thailand. Further assessment is needed to determine if the onshore 
wind energy resource could be developed and exploited in order to achieve national renewable energy policy targets 
in Thailand. 
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1. Introduction 
Largely, because of its environmental benefits, wind energy is being developed worldwide as a reliable 
energy source. The Global Wind Energy Council (GWEC) reported that the global cumulative installed 
capacity in 2012 was 238,050 MW [1].  
In the development of a wind energy project, high quality wind data is required in order to achieve a 
proper wind resource assessment campaign. For its part, most of the scientific literature scrutinizes the use 
of mesoscale modeling to assess wind energy resource, such as the fifth-generation of mesoscale model 
(MM5), the Mesoscale Compressible Community (MC2) and the Karlsruhe Atmospheric Mesoscale 
Modeling (KAMM) [2-4].  
On the other hand, the Regional Atmospheric Modeling System (RAMS) could also be applied to 
evaluate atmospheric parameters such as turbulence fluxes over the study area [5]. In one study, RAMS 
modeling was compared with aircraft, wind profiler, Lidar, tethered balloon and RASS data. It was shown 
that the RAMS model results were in good agreement with the validation data [6]. 
In this study, RAMS is used to assess the onshore wind energy resource potential of Thailand at 120 m 
above ground level with a 9 km resolution. 
Fig. 1. The study area and locations of met towers of the Pollution Control Department (PCD) and the 
National Research Council of Thailand (NRCT 
  
2. Methodology 
2.1. Study Area 
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In this study, in order to cover the entire country of Thailand (Fig. 1), a 1,150 km by 1,750 km 
mesoscale grid having a 9 km resolution is used. 
2.2. Theoretical Considerations 
Wind is a natural process, stimulated notably by differences in temperature, barometric pressure and 
the Coriolis effect. 
In the Earth’s atmospheric boundary layer (ABL), the vertical distribution of wind speed above ground 
can be estimated by the logarithmic profile (log law), a semi-empirical relationship., which is usually 
limited to a maximum altitude of approximately 200 m agl [7].  
For its part, in a free atmosphere, the wind speed, u (m/s), at a height z (m) above ground level can be 
estimated by the equation as shown in Eq. 1. 
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where u* is the friction velocity or shear velocity (m/s), k is the Von Karman constant (0.41), d is the 
zero plane displacement (m), z0 is the surface roughness (m), ψ is a stability term, and L is the Monin-
Obukhov stability parameter. Under neutral stability terms, z/L = 0 and ψ will have a value of zero. The 
resulting equation, called the logarithmic profile or log law, is given by: 
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For its part, the wind power density can be computed by the following equation: 
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where wP  is the power from the wind (w), ρ is the air density (kg/m
3), A is the cross sectional area of 
the rotor (m2), and V is the wind velocity (m/s). 
The air density at altitudes higher than sea level is a function of both the atmospheric pressure and 
temperature and can be estimated by: 
 
 (4) 
 
 
where 0P  is the atmospheric pressure at standard sea level (kg/m
3), R is the specific gas constant 
(J/mol K), T is the temperature (K), g is the gravity constant (m/s2), and z is the height above sea level 
(m). 
Energy from the wind can be converted into rotational mechanical energy by the turbine blades. In 
practice, all the energy from the wind cannot be transferred to mechanical energy. This would mean that 
the actual mass of air that hits the turbine blades would stop completely within the cross-sectional area of 
the turbine blades. In such, the output power from a wind turbine rotor can be computed using Eq. 5 [8]. 
 
 
2.3. Regional Atmospheric Modeling System (RAMS) 
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The Regional Atmospheric Modeling System (RAMS), is a highly versatile numerical code developed 
by scientists at Colorado State University for simulating and forecasting meteorological phenomena, and 
for depicting the results [5]. The model has three major components: 
I. An atmospheric model which performs the actual simulations. 
II. A data analysis package which prepares initial data for the atmospheric model from observed 
meteorological data. 
III. A post-processing model visualization and analysis package that interfaces the atmospheric 
model output with a variety of visualization software utilities.  
In RAMS, the atmospheric model is constructed around the full set of primitive dynamical equations 
which govern atmospheric motions, and supplements these equations with optional parameterizations for 
turbulent diffusion, solar and terrestrial radiation, moist processes, sensible and latent heat exchange 
between the atmosphere, multiple soil layers, a vegetation canopy, surface water, the kinematic effects of 
terrain, and cumulus convection. Even though RAMS is fundamentally a limited-area model, the model 
can be configured to cover an area as large as a planetary hemisphere. This allows a user to simulate 
mesoscale and large scale atmospheric systems. For its part, there is no lower limit to the domain size or 
to the mesh cell size of the model's finite difference grid. Microscale phenomena such as boundary layer 
eddies and tornadoes, as well as sub-microscale turbulent flow over buildings, have all been simulated 
with the RAMS model. In addition, compact atmospheric systems such as thunderstorms can be resolved 
in a local fine mesh grid while a coarser grid is used for the larger scale environment of the system in 
RAMS by the model’s two-way interactive grid nesting. Generally, RAMS is operated in a UNIX 
operating system. Finally, the model’s code is written almost exclusively in FORTRAN 77 using some 
common extensions. However, the model uses some C code to facilitate its I/O procedures and its 
dynamic memory allocation functions. 
The general equations used by RAMS are the standard hydrostatic or non-hydrostatic Reynolds-
averaged primitive equations. All variables, unless otherwise denoted, are grid-volume averaged 
quantities where the overbar has been omitted. The symbols are defined in Table 1. The non-hydrostatic 
equations are: 
Equations of motion: 
 
 
 (6) 
 
 
 (7) 
 
 
 (8) 
 
 
Thermodynamics equation: 
 
 (9) 
 
Water species mixing ratio continuity equation: 
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Mass continuity equation: 
 
 
 (11) 
For its part, the hydrostatic option in RAMS replaces the vertical equation of motion and the mass 
continuity equation with the hydrostatic equations: 
 
 (12) 
 
 (13) 
  
2.4. Statistical Validation of Wind Resource Results 
In this work, to validate the wind resource map, monthly mean speed at 100 m agl are extracted from 
the RAMS modeling’s output to the location where the met towers of the Pollution Control Department of 
Thailand (PCD) and the National Research Council of Thailand (NRCT) are located, as illustrated in Fig. 
1. The simulation results are compared with observed monthly mean wind speeds from these met towers. 
In addition, for this study, the mean square error (MSE) is used to evaluate the difference between the 
simulation results and the observational data, as expressed by: 
 
 (14) 
 
where iP  is the predicted monthly mean wind speed by RAMS (m/s), iO  is the observed monthly mean 
wind speed at the met tower location (m/s), i  is the time interval (in months), and N  is the number of 
data. 
Table 1 Parameterization for regional atmospheric modeling system 
Symbol Definition 
u  East-west wind component 
v  North-south wind component 
w  Vertical wind component 
f  Coriolis parameter 
mK Eddy viscosity coefficient momentum 
hK Eddy viscosity coefficient head and moisture 
ilT Ice-liquid potential temperature 
nr Water mixing ratio species of total water, rain, pristine crystals aggregates, and snow U  Density 
con  Subscript denoting tendency from convective parameterization 
rad  Subscript denoting tendency from radiation parameterization 
res  Subscript denoting tendency from resolvable scale microphysical parameterization 
G  Gravity 
tr Total water mixing ratio 
vr Total vapor mixing ratio S  Total Exner function 
S c  Perturbation Exner function 
vT Virtual potential function p  Pressure 
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3. Results and discussion 
Fig. 2 presents the wind resource map at 120 m agl for Thailand for the three year period of 2009-
2011.  Results show that, for the study area, the annual mean wind speeds at 120 m ag.l. are in the range 
of 1.60-5.83 m/s. 
For its part, Fig. 3 presents the monthly wind resource maps at 120 m agl for Thailand for the three 
year period of 2009-2011.  Results show that, for the study area, the monthly mean wind speeds at 120 m 
agl are in the range of 0.97-9.67 m/s. 
Results tend to show that the country has a good wind resource potential along the western part of 
Thailand and in a few regions of Meahongson province, Prachuab Kiri Khun province. In addition, the 
southern part of Chumporn province, Ranong province and Surat Thani province, and the eastern parts of 
Nakhonnayok and Chanthaburi provinces, also have good wind regimes with annual mean wind speeds in 
the range of 6.01-7.00 m/s. The maximum annual mean power density in these regions is approximately 
200 W/m2 at 120 m agl, which corresponds to a wind power density class of 2 at 120 m agl, as is shown 
in Fig. 4. 
The mean square errors (MSE) between both the computed annual mean wind speeds and the observed 
annual mean wind speeds at the met tower locations are showed in Table 2. The power law profile using a 
1/7 power coefficient was used to extrapolate the observed mean wind speeds to 120 m agl Results show 
that the MSE is in the range of 0.50-4.38 m2/s2. The comparison of the computed wind speeds and the 
observed wind speeds at the met tower locations are reasonably good, which confirms the validity of the 
wind resource map. However, to mitigate these results, it is important to note that most of these met tower 
stations (4 of 6) were not installed for wind energy assessment purposes, but rather to gather data in 
regards to the dispersion of pollutants in the atmosphere by the Pollution Control Department (PCD) of 
Thailand. As a consequence, it was decided to be prudent with the comparison because of issues 
pertaining to the verification and quality of the met tower data. Nevertheless, the comparisons show a 
relatively good agreement between the computed wind speeds and the observed wind speeds at the met 
tower locations. The validation indicates that the computed wind resource map could be used for initial 
site surveying for potential wind energy project developments. 
 
Table 2 Validation results 
No. Met Station Observed Mean Speed (m/s) Predicted Mean Speed (m/s) 
Mean 
Square 
Error 
(m2/s2) 
1 Chiang-Mai 3.41 4.19 2.87 
2 Khon-Kan 4.42 4.77 0.50 
3 Jatujak 3.95 2.63 1.95 
4 Phangan 4,11 4.86 4.38 
5 Pak-Phanang 4,97 4.65 3.76 
6 Hat Yai 4.19 3.49 1.08 
 
Furthermore, in this study, the technical power potential (TPP) of Thailand is calculated at 120 m agl 
and is classified into three zones. Zone I is defined as areas where the annual mean wind speed is in the 
range of 3.5-5 m/s; Zone II is for areas where the annual mean wind speed is in the range of 5-6 m/s; and 
Zone  III is for areas where the annual mean wind speed is above 6 m/s (at 120 m agl). The classified TPP 
zones are presented in Fig. 5.  
In order to estimate the TPP at 120 m agl in each classified zone, GIS-based tools are used. The TPP 
is evaluated using a virtual wind turbine having a nominal power of 1 MW and a 120 m hub height. For 
its part, the area occupied by the virtual wind turbine is set at 0.42 km2. In the TPP analysis, no provision 
 C. Chancham et al. /  Energy Procedia  52 ( 2014 )  487 – 496 493
 
is made with regards to landscape conservation, migratory corridors for birds, and other constraints such 
as access to roads, distance to electricity transmission lines, and land availability.  
Table 3 Technical potential an installed capacity 
Zone 
Technical Power Surface Area of Thailand 
Covered by Zone (%) 
 Technical Power 
Potential Area Potential 
(km2) (MW) 
I 127,352 22.8 53,080 
II 115,220 20.6 48,016 
III 44,590 8.0 18,585 
 
Table 3 shows the results of the technical power potential for the three classified zones. Results show 
that Zone 1 has a total surface area of approximately 127,000 km2 which corresponds to approximately 
23% of the total surface area of Thailand.  For its part, the TPP for Zone 1 is estimated at 53,080 MW. In 
regards to Zone 2, results show that it has a total surface area of approximately 115,000 km2, which 
corresponds to approximately 21% of the total surface area of the country. The TPP for Zone 2 is 
estimated at 48,016 MW.  Finally, results show that the total surface area of Zone 3, is approximately 
45,000 km2, which corresponds to approximately 8% of the total surface area of Thailand, while its TPP 
is estimated at 18,585 MW. 
 
 
 
Fig. 2. Annual mean wind speeds at 120 m agl over Thailand for the three year period of 2009-2011. 
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Fig. 3. Monthly mean wind speeds at 120 m agl over Thailand for the three year period 2009-2011. 
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Fig. 4. Mean wind power density at 120 m agl over Thailand for the three year period of 2009-2011. 
 
 
 
Fig. 5. Classified technical power potential in Thailand for the three year period of 2009-2011. 
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4. Conclusion 
This paper presents an assessment of the onshore wind energy potential in Thailand using the Regional 
Atmospheric Modeling System (RAMS). A 9 km resolution, 1,150 km by 1,750 km, wind resource map 
at 120 m elevation agl was produced based on the NCEP reanalysis database for the three year period of 
2009-2011. The onshore wind resource map was validated by comparing the modeling results to observed 
wind data at 100 m agl from the Pollution Control Department (PCD) of Thailand, and at 120 m agl .from 
the National Research Council of Thailand (NRCT). 
The Mean Square Error (MSE) was computed and was used as the main criterion to evaluate the 
simulation results. Results showed that, for the study area, the annual mean wind speeds at 120 m agl 
were in the range of 1.60-5.83 m/s. For its part, the maximum annual mean power density at 120 m agl 
was approximately 200 W/m2 which corresponds to a wind power density of Class 2. Results showed that 
the region has a good wind regime in the mountain areas of western, southern and eastern Thailand. 
Further assessment is needed to determine if the onshore wind energy resource could be developed and 
exploited in order to achieve national renewable energy policy targets in Thailand. 
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